Malignant pleural mesothelioma is a refractory tumor with poor prognosis associated with asbestos exposure. Pleural effusion is frequently observed in patients with malignant pleural mesothelioma, and cytological analysis is effective to detect malignant pleural mesothelioma. However, cytological discrimination between malignant pleural mesothelioma and reactive mesothelium is often difficult. Increased expression of CD146, a cell adhesion molecule, has been reported to be closely associated with an advanced stage of malignant melanoma, prostate cancer, and ovarian cancer. In this study, to evaluate the diagnostic utility of CD146 for discrimination between malignant pleural mesothelioma and reactive mesothelium, we examined immunocytochemical expression of CD146 in malignant pleural mesothelioma and reactive mesothelium using two clones of CD146 antibody, OJ79 and EPR3208, on smear specimens of effusion fluids. Immunocytochemical stains were semiquantitatively scored on the basis of immunostaining intensity (0, negative; 1, weak positive; 2, moderate positive; and 3, strong positive). CD146 expression was detected in 15 of 16 malignant pleural mesothelioma with median immunostaining score of 3 by OJ79, and in 19 of 21 malignant pleural mesothelioma with median immunostaining score of 2 by EPR3208. Strong immunoreactivity of CD146 was observed at the apposing surfaces of cell-cell interactions on the plasma membrane of mesothelioma cells. In addition, one OJ79-negative case of malignant pleural mesothelioma was positive for CD146 by EPR3208 and two EPR3208-negative cases of malignant pleural mesothelioma were CD146 positive by OJ79, showing that all 23 malignant pleural mesothelioma cases were positive for CD146 by either OJ79 or EPR3208. On the other hand, CD146 expression was undetectable in all reactive mesothelium cases by OJ79 and EPR3208. The sensitivity of OJ79 and EPR3208 was 94 and 90%, respectively, and the specificity was 100% for both clones. We propose that CD146 is a sensitive and specific immunocytochemical marker enabling differential diagnosis of malignant pleural mesothelioma from reactive mesothelium.
Malignant pleural mesothelioma is an aggressive tumor associated with asbestos exposure. Malignant pleural mesothelioma was once a rare disease, but its incidence is increasing worldwide and expected to peak in around 2020. 1 Malignant pleural mesothelioma is characterized by high resistance to conventional therapies and poor prognosis, with the median survival in the range of 9-17 months after diagnosis. 2 The poor prognosis is, at least in part, because of the difficulty of precise diagnosis until the disease progresses to an advanced stage. The initial clinical presentation for patients with malignant pleural mesothelioma is frequently dyspnea and/or chest pain due to large pleural effusions. 3 Therefore, cytological analysis of pleural effusions is particularly important for patients with a history of asbestos exposure in the absence of other major clinical features.
The pathological diagnosis of malignant pleural mesothelioma in effusion cytology is based on the demonstration of mesothelial nature and malignancy of cells. Cytopathological features of mesothelioma are characterized by mesothelial cells with nuclear atypia, multinucleation, cell-in-cell engulfment, and mirror ball-like cell cluster formation, which are useful in discrimination from other diseases. [4] [5] [6] [7] Effusion cytology for differential diagnosis of malignant pleural mesothelioma and adenocarcinoma uses immunostaining panels with mesothelial markers, such as calretinin, podoplanin (D2-40), Wilms' tumor 1 protein, and cytokeratin 5/6, and carcinoma markers, such as epithelialrelated antigen (MOC-31) and carcinoembryonic antigen. 8, 9 On the other hand, distinction of malignant pleural mesothelioma from reactive mesothelium is challenging, because of the similarity of morphology and the lack of reliable discriminating markers in effusion cytology. Several markers, including epithelial membrane antigen (EMA), desmin, glucose transporter-1 (GLUT-1), and p53, have been reported to be of use in distinguishing malignant pleural mesothelioma and reactive mesothelium in effusion cytology. However, the results of analysis using these markers vary greatly among reports. [10] [11] [12] [13] [14] [15] [16] [17] [18] Cell adhesion molecules, involved in homophilic and heterophilic cell-cell interactions, have important roles in organogenesis and maintenance of tissue structure and function. 19 Aberrant expression of cell adhesion molecules is frequently observed during tumor development and progression, probably because of increased cell motility, allowing tumor invasion and metastasis. 20 CD146, also known as melanoma cell adhesion molecule or MUC18, is a transmembrane glycoprotein belonging to the immunoglobulin superfamily that functions as a Ca 2 þ -independent adhesion molecule. 21 Increased CD146 expression has been shown to be closely associated with an advanced stage of malignant melanoma, prostate cancer, and ovarian cancer. [21] [22] [23] [24] [25] However, the relation between CD146 expression and the malignancy of mesothelioma has not been investigated. The purpose of the present study was to evaluate the utility of CD146 detection for distinguishing malignant pleural mesothelioma and reactive mesothelium in diagnostic cytology.
Materials and methods

Cases
A total of 51 cases, 23 malignant pleural mesothelioma and 28 reactive mesothelium, were included in this study (Table 1) . A total of 47 cytological smears for immunocytochemistry were prepared from pleural, peritoneal, or pericardial effusions and pleural washing fluids at the Hospital of Hyogo College of Medicine. The diagnosis of malignant pleural mesothelioma was confirmed by histopathological examination of pleural biopsy or resection tissues. The remaining four cytological smears for immunocytochemistry were prepared from Papanicolaou-stained smear slides by cell transfer technique after cytological analysis at the Yamaguchi Grand Medical Center. Briefly, the cytological materials of Papanicolaou-stained smear slides were completely covered with Malinol (Muto Pure Chemicals, Tokyo, Japan) after removing cover glass. The layer of Malinol with smeared cells was removed from each slide, and the layer was divided into several pieces. The piece with smeared cells was transferred onto a new slide. Smears reproduced on the slides were immunostained with antibodies.
This work has been carried out in accordance with the Declaration of Helsinki (2000) of the World Medical Association and is approved by institutional review board.
Immunocytochemistry
Cytological smears were fixed with alcohol. Two clones of anti-CD146 antibody, OJ79 of mouse monoclonal antibody (1:200 dilution; Invitrogen, Carlsbad, CA, USA) and EPR3208 of rabbit monoclonal antibody (1:200 dilution; Epitomics, Burlingame, CA, USA), and anti-EMA mouse monoclonal antibody (1:40 dilution, clone E29; Dako Cytomation, Glostrup, Denmark) were used as primary antibodies. For EPR3208, cytological smears were heated in Target Retrieval Solution (S1700; Dako Cytomation) at 981C for 20 min to facilitate antigen retrieval. Cytological smears were incubated with each primary antibody, and then with an anti-mouse or rabbit immunoglobulin antibody using ChemMate EnVision Kit (Dako Cytomation). Immunoreacted cells were visualized with 3,3 0 -diaminobenzidine, and nuclei were lightly counterstained with hematoxylin. Immunocytochemical stainings were semiquantitatively scored on the basis of immunostaining intensity (0, negative; 1, weak positive; 2, moderate positive, and 3, strong positive). 'Positive' indicates the presence of cells with intensity 1 or higher signals in specimens. 'Negative' indicates the presence of cells with no or faint signals in specimens.
Statistical Analysis
Immunostaining scores were compared between malignant pleural mesothelioma and reactive mesothelium by Mann-Whitney U-nonparametric test. Two-tailed P-values below 0.05 were considered as statistically significant.
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CD146 expression in malignant pleural mesothelioma and reactive mesothelium
We examined CD146 expression in malignant pleural mesothelioma and reactive mesothelium by immunocytochemical staining of cytological smears using two clones of anti-CD146 monoclonal antibodies, OJ79 and EPR3208. Results are summarized in Table 1 .
The CD146 expression was detected in 15 of 16 (94%) specimens from malignant pleural mesothelioma cases using OJ79. Most of them showed strong expression on the mesothelioma cell membrane, with positive signals frequently observed at the apposing surfaces of cell-cell interactions (Figures 1a, 1b, 3a and 3c) . In some specimens, immunostaining intensity was variable among mesothelioma cells (intensity 1-3). In contrast, CD146 expression was undetectable by OJ79 in all (11 of 11) reactive mesothelium cases (Figure 1c and d) .
To confirm CD146 expression in malignant pleural mesothelioma, we repeated analysis of CD146 expression using another anti-CD146 rabbit monoclonal antibody, clone EPR3208. CD146 expression was detected in 19 of 21 (90%) malignant pleural mesothelioma (Figures 2a, 2b, 3a and 3d) . EPR3208 was almost equal to OJ79 in detectability for mesothelioma cells, but signal strength with EPR3208 is a little weaker than that with OJ79. In three cases, OJ79 and EPR3208 gave inconsistent results, with two cases (malignant pleural mesothelioma-case nos. 2 and 7) being positive for OJ79 and negative for EPR3208 and one case (malignant pleural mesothelioma-case no.15) being positive for EPR3208 and negative for OJ79. However, these findings show that all 23 malignant pleural mesothelioma cases were positive for CD146 by either OJ79 or EPR3208. On the other hand, CD146 expression was undetectable by EPR3208 in all (21 of 21) reactive mesothelium cases (Figure 2c and d) .
Immunocytochemical staining for EMA was performed in 20 of 23 malignant pleural mesothelioma cases and in 26 of 28 reactive mesothelium cases used for CD146 evaluations. EMA expression was detected in 19 of 20 (95%) malignant pleural mesothelioma, but one EMA-negative malignant pleural mesothelioma case showed CD146-positive staining (malignant pleural mesothelioma-case no.12). In reactive mesothelium, 23 of 26 (88%) cases were negative for both EMA and CD146 staining, and the remaining 3 cases of reactive mesothelium were EMA positive and CD146 negative (reactive mesothelium-case nos. 8, 13, and 17). Both EMA and CD146 were principally expressed on the plasma membrane of mesothelioma cells. However, EMA expression was mostly observed at the periphery of cell clusters (Figure 3a and b) , whereas CD146 at the apposing surfaces of cell-cell interactions (Figure 3a, c and d) .
Immunostaining scores with OJ79 and EPR3208 are graphically shown in Figure 4 . OJ79 showed a median score 3 for malignant pleural mesothelioma and 0 for reactive mesothelium (Po0.001), and EPR3208 showed a median score 2 for malignant pleural mesothelioma and 0 for reactive mesothelium (Po0.001). When the level of X1 was considered to be positive, the sensitivity and specificity of OJ79 were 94 and 100% and those of EPR3208 were 90 and 100%, respectively. These results indicate the usefulness of CD146 in discrimination between malignant pleural mesothelioma and reactive mesothelium.
Discussion
The cytomorphological scoring system for malignant mesothelioma in effusion cytology has been introduced for differential diagnosis of malignant mesothelioma and reactive mesothelium. 26 However, to achieve the differential diagnosis successfully, numerous cytomorphological parameters are required. A variety of markers, such as EMA, desmin, GLUT-1, and p53, have been reported to be useful in the discrimination of malignant mesothelioma and reactive mesothelium, but the results are not consistent. [10] [11] [12] [13] [14] [15] [16] For instance, EMA is considered to be the most reliable marker for malignant mesothelioma, detecting more than 70% of malignant mesothelioma cases, but it is also found in 0-70% of reactive mesothelium cases. [16] [17] [18] In this study, we explored the possibility of using CD146 as a marker for distinguishing between malignant pleural mesothelioma and reactive mesothelium in diagnostic cytology. Both clones of anti-CD146 antibody, OJ79 and EPR3208, showed specificity of 100% for discrimination between malignant pleural mesothelioma and reactive mesothelium. Sensitivity of detection for malignant pleural mesothelioma was 94% for OJ79 and 90% for EPR3208. In addition, we found that OJ79 and EPR3208 were complementary in diagnosis of three malignant pleural mesothelioma cases. One OJ79-negative case (malignant pleural mesothelioma-case no.15) was positive for CD146 by EPR3208, and two EPR3208-negative cases (malignant pleural mesothelioma-case nos. 2 and 7) were CD146 positive by OJ79. These results show that CD146 is a marker capable of discriminating between malignant pleural mesothelioma and reactive mesothelium, in agreement with the recent findings by Bidlingmaier et al 27 that CD146 has been detected in mesothelioma with high frequency but not in one case of normal mesothelium using tissue microarrays.
Comparison between CD146 and EMA found one case of malignant pleural mesothelioma with EMAnegative and CD146-positive staining (case no.12) and three cases of reactive mesothelium with EMApositive and CD146-negative staining (case nos. 8, 13, and 17). These results indicate that CD146 and EMA are almost equal as a positive marker for malignant pleural mesothelioma, but CD146 is more reliable as a negative marker for reactive mesothelium. Immunocytochemistry of CD146, together with EMA, may support the diagnostic accuracy for discrimination between malignant pleural mesothelioma and reactive mesothelium in effusion cytology.
The CD146 expression has been reported in nonsmall-cell lung cancer, and seems to be associated with shorter survival of patients with adenocarcinoma of the lung. 28 In our study, reactive mesothelial cells showed no expression of CD146, but CD146 was expressed in adenocarcinoma cells that present in pleural effusions. These findings indicate that CD146 immunostaining cannot be applied to discriminate between malignant pleural mesothelioma and metastatic adenocarcinoma in the thoracic cavity.
Cytopathological features of mesothelioma cells in effusion fluids are characterized by cell-in-cell engulfment, mirror ball-like cell clusters, and multinucleated cells, which may result from adhesion and fusion of cells. Our immunocytochemical staining of effusion fluids from malignant pleural CD146 expression in mesothelioma mesothelioma patients revealed strong immunoreactivity of CD146 at the apposing surfaces of cell-cell interactions on the plasma membrane of mesothelioma cells. These findings strongly suggest involvement of cell adhesion molecules including CD146 in manifestation of characteristics of mesothelioma cells and development of malignant pleural mesothelioma.
OJ79, a clone of anti-CD146 antibody, was able to detect CD146 expression without antigen retrieval by heat treatment, and the immunodetectability of OJ79 decreased after heat treatment. It is possible that OJ79 might recognize a heat-unstable epitope. On the other hand, target antigen retrieval by heat treatment was found to result in marked increases in immunodetectability of EPR3208, another clone of anti-CD146 antibody. It is likely that OJ79 and EPR3208 recognize distinct epitopes of CD146. Preliminary experiments showed that OJ79 and EPR3208 were able to detect CD146 in formalinfixed and paraffin-embedded cell block specimens of effusion fluids. These clones might be applied to immunohistochemical analysis of formalin-fixed and paraffin-embedded surgical specimens from patients with malignant mesothelioma.
It has been reported that CD146 is expressed in most advanced melanomas, but only sporadically in benign melanocytic nevi and thin primary melanomas with low probability of metastasis. 21, 22 In addition, increased CD146 expression has been shown to be closely related to advanced stages of prostate and ovarian cancers. [23] [24] [25] On the other hands, CD146 has been shown to act as a tumor suppressor in breast cancer, 29 suggesting that the function of CD146 is different according to the type of malignancies.
Bidlingmaier et al 27 have recently identified CD146 as the surface antigen recognized by the targeting single-chain antibody that was capable of internalizing epitopes on the plasma membrane of mesothelioma cells. Using a mesothelioma xenograft model, the single-chain antibody against CD146 was shown to possess the potential for targeting therapy of mesothelioma. In addition, studies on immunotherapy using a fully human anti-CD146 antibody (ABX-MA1) showed that ABX-MA1 inhibited growth and lung metastasis of melanoma cells injected subcutaneously into nude mice. 30 As the Table 1 and the horizontal bars indicate the median value. CD146 expression detected by both clones OJ79 and EPR3208 in malignant pleural mesothelioma was significantly higher than that in reactive mesothelium (Po0.001). RM, reactive mesothelium; MPM, malignant pleural mesothelioma.
CD146 expression in mesothelioma present study showed that mesothelioma cells, but not reactive mesothelial cells, express CD146, anti-CD146 antibody may have potential for effective treatment of malignant pleural mesothelioma. In summary, CD146, a cell adhesion molecule associated with progression of several malignancies, was expressed in mesothelioma cells but not in reactive mesothelial cells in effusion fluids. The sensitivity of detection for malignant pleural mesothelioma was 94 and 90% for OJ79 and EPR3208, respectively, and the specificity for discrimination between malignant pleural mesothelioma and reactive mesothelium was 100% for both clones. We propose that CD146 is a sensitive and specific immunocytochemical marker enabling differential diagnosis of malignant pleural mesothelioma from reactive mesothelium.
